Aims: To evaluate risk factors for hospital admissions for hypoglycaemia and compare length of hospitalization, inpatient mortality and hospital readmission between hypoglycaemia-and nonhypoglycaemia-related admissions. Results: A U-shaped relationship between age and risk of admission for hypoglycaemia was observed until the age of 85 years; compared to the nadir at 60 years, the risk was progressively higher in younger and older patients and steadily declined after 85 years. Social deprivation (positively) and comorbidities (negatively) were associated with the risk of admission for hypoglycaemia. Compared to Caucasians, other ethnic groups had lower (Bangladeshi, Pakistani, Indians) or higher (Caribbean) risk of admission for hypoglycaemia. Length of hospitalization was 26% shorter while risk of rehospitalization was 65% higher in individuals admitted for hypoglycaemia. Compared to admissions for hypoglycaemia, risk of inpatient mortality was 50% lower for unstable angina but higher for acute myocardial infarction (3 times), acute renal failure (5 times) or pneumonia (8 times).
| INTRODUCTION
In patients living with diabetes, hypoglycaemia is one of the most common and feared side effects and is a major barrier to achieving glucose control.
1 Although most hypoglycaemic events are self-treated, severe episodes less commonly necessitate third-party support and potentially are associated with a risk of short-and long-term complications including confusion, convulsions, injuries, permanent impairment of cognitive function, vascular death and all-cause death. [2] [3] [4] A proportion of severe episodes result in hospital admission and represent a significant burden for patients and healthcare resource utilization.
1, 5, 6 A recent study reported a rising number of admissions for hypoglycaemia in England from 2005 to 2010, followed by a flat trend until 2014. 7 Published studies have identified clinical, demographic and socioeconomic factors associated with the risk of hypoglycaemia, 8, 9 although evidence available from large observational studies concerning the association of these factors with hospitalization for hypoglycaemia in patients with diabetes is more limited; identification and estimation of their impact could help in recognizing at-risk patients and in guiding implementation of appropriate individual-and population-level strategies. Moreover, comparing admissions for hypoglycaemia and those for other causes in individuals with diabetes, evidence is limited also concerning differences in outcomes, such as length of hospital stay, inpatient death and hospital readmission. 5, 10, 11 Within this context, we aimed to investigate risk factors for hospital admission for hypoglycaemia and subsequent outcomes in patients with diabetes in England, using a case-control study design that included all hospital admissions for hypoglycaemia and a random sample of admissions in subjects with diabetes without hypoglycaemia.
| MATERIALS AND METHODS

| Study design, setting and source of data
In this nationwide, retrospective case-control study, data were extracted from the Hospital Episode Statistics database (HES). 12 
| Supplementary analysis
In HES, diabetes phenotypes are codified as "insulin-dependent" (E10 3 | RESULTS
| Risk factors for admission for hypoglycaemia
Over the 10-year study period, a total of 101 475 hospital admissions for hypoglycaemia were recorded in 79 172 patients with diabetes, of whom 82.4% had a single episode (Appendix S1, Tables S1
and S2). Mean Charlson scores were 2.01 and 2.24 for case and controls admissions, respectively, and admissions for hypoglycaemia occurred more in older than in younger subjects, although there were more admissions in subjects younger than 20 years (7.0%) compared to the age groups 20 to 29 (3.4%), 30 to 39 (3.9%) and 40 to 49 years (6.0%). A similar pattern of age distribution was found for the 304 425 control admissions, yet the increase for subjects younger than 20 years was less pronounced. In control admissions, approximately 10% reported "chest pain, unspecified," "urinary tract infection, site not specified" or "unspecified acute lower respiratory infection" as first code (Table S3) Table S4 ).
Among the comorbidities related to admission for hypoglycaemia, "diabetic retinopathy" was associated with the highest absolute risk (7.2 per 1000 admissions; 10.1 vs 2.9 per 1000 admissions in hypoglycaemia vs non-hypoglycaemia), followed by "non-insulindependent diabetes with ophthalmological complications" (5. (Table S3) . While "angina pectoris," "chest pain," "atrial fibrillation/flutter" or "unstable angina"
were associated with a lower risk of inpatient mortality (ORs, 0.14-0.54) compared to hypoglycaemia, no differences in mortality were found for admissions of subjects with "insulin-dependent or non-insulin-dependent diabetes without complications," "syncope/collapse,"
"cellulitis of limb" or "insulin-dependent diabetes mellitus with ketoacidosis". Conversely, the risk of mortality was significantly higher for "acute lower respiratory infection," "congestive heart failure," "acute myocardial infarction," "acute renal failure" or "pneumonia" (ORs, 4 | DISCUSSION
| Principal findings
In this analysis, we identified and estimated the association of sociodemographic risk factors with hospitalization for hypoglycaemia and subsequent outcomes in a large sample of subjects with diabetes.
Using national data, we selected all admissions reporting hypoglycaemia as the first ICD-10 code (ie, primary diagnosis) and a random sample of admissions for any other cause in individuals with diabetes, to quantify the impact of several individual factors on the risk of admission for hypoglycaemia, as well as to assess differences in 3 key outcomes, namely hospital length of stay, readmission and inpatient mortality. Our results indicated that, among hospital-admitted individuals with diabetes, age, social deprivation, multimorbidity (particularly visual impairment, dementia and renal failure) and ethnicity were important determinants of admission for hypoglycaemia. The risk of readmission for hypoglycaemia was greater than that for any other cause in subjects admitted for reasons other than hypoglycaemia.
Time to discharge and mortality were significantly lower following hospitalisation for hypoglycaemia. Differences in length of stay, readmission and mortality, comparing hypoglycaemia vs non-hypoglycaemia, varied across regions. [16] [17] [18] [19] [20] Given the increased risk of hypoglycaemia in younger subjects with type 1 diabetes, and the limited and conflicting epidemiological evidence concerning age and hospital admission for hypoglycaemia (with studies including only age-specific groups of patients), in our study we modelled age to ascertain whether its relationship with hospitalization was non-linear. Compared to 60-year-old individuals, we observed a progressive increase in relative risk for younger and older subjects; the shape of association, of note, accounted for other potential risk factors and was robust to statistical modelling. This relationship was further investigated in a supplementary analysis, stratified by diabetes type. Within the limitations of the definition of diabetes in HES, we noticed a higher risk of admission in both younger and older patients with "insulin-dependent" diabetes while,
| Results in the context of available evidence
for "non-insulin-dependent" diabetes, the risk increased only in patients older than 60 years. It is plausible that younger, healthier type 1 diabetes patients without comorbidities have an increased risk of admissions for hypoglycaemia resulting from insulin therapy. In contrast, older type 2 diabetes patients not undergoing insulin therapy and with more comorbidities are more likely to be admitted for other causes, as suggested also by the higher Charlson score in control admissions. Importantly, the absolute number of admissions was much greater in older patients than in younger patients; our data indicate that subjects older than 70 years contribute by approximately 60% to the overall number of hospitalizations (ie,~5900 per year).
We also investigated the impact of specific comorbidities on the risk of admission for hypoglycaemia. We found that retinopathy is roughly 3 times more common in subjects admitted for hypoglycaemia, with an absolute difference of 0.7% (1% and 0.3% in hypoglycaemia vs non-hypoglycaemia, respectively). "Ophthalmological complications" in "insulin-dependent" or "non-insulin-dependent" diabetes were also among the most common co-reported ICD codes, along with "chronic kidney failure" and "dementia". Suboptimal glucose control could be associated with both a higher prevalence of comorbidities and a greater risk of hospital admission for hypoglycaemia; nonetheless, the reduced clearance of several glucose-lowering drugs in patients with kidney failure and the higher risk of incorrect administration of insulin doses in patients with dementia or retinopathy may also explain these findings.
Our results also showed important differences in the risk of admission according to ethnicity. Compared to Caucasians, individuals of Pakistani, Bangladeshi and Indian ethnicity had a lower risk, while Caribbeans had a higher risk of hospitalization for hypoglycaemia. Observational studies and post-hoc analysis of the ACCORD randomized, controlled trial have reported an increased rate of emergency department visits or admissions for hypoglycaemia in black (African-American race) compared to white patients in North American populations. 16, 21, 22 In England, a previous observational study found an approximately 2.5 times higher risk of diabetes-related hospitalization (first or second ICD-10 codes E10-E14, using 2010-11 HES data) comparing South
Asian to white British individuals. 23 Although the relationship between Bangladeshi in this study) compared to white Europeans, 25, 26 and this could explain the lower rate of admission evidenced in this study. Compared to other treatments, insulin therapy is more common in older participants with a long duration of disease and comorbidities and is also associated with a higher risk of hypoglycaemia. On the other hand, glucose-lowering therapies could be more relevant as a potential confounder for the outcomes admission and readmission, and could be less important for the outcomes inpatient mortality and length of hospital stay which are more probably related to age and comorbidity index. Third, we compared inpatient mortality rather than short-or long-term mortality after discharge. Lastly, in subjects admitted for hypoglycaemia, we investigated readmissions only for hypoglycaemia.
| Conclusions
As hospital admissions for hypoglycaemia constitute a significant burden for patients with diabetes and for the healthcare system, the identification of potential risk factors is an important exercise that contributes to the identification of groups at risk and to implementation of appropriate strategies. Further clinical and socio-demographic studies are required to confirm and expand our findings, particularly the large differences among ethnicities.
